Calculus I by Marsden, Jerrold E. & Weinstein, Alan J.
Answers to Orientation Quizzes A.1 
Answers to Orientation Quizzes 
Answers to Quiz A on p. 13 
4 1 6. g(2) = - The domain of g is all x such that x # 0, - . 7. x > - I0 8. At the points (1, 1) and (2,4) 3 ' 2 
9. Y 
Answers to Quiz B on p. I 4  
11  3 1. - = 2 - 2. x(x + 3) 3. 10 4. 4 kilograms 5. (2x - 1)/2x (or 1 - 1/2x) 6. x7  4 4 
1 3 7 . - 6 , - 4 , 0 , - , 8  8 . - -  1 2 7 9. 10. x + 4 
Answers to Quiz C on p. 14 
8 4 1. (- 2 - 3) 2. 3. 150" 4. 5. $? 6. 8a  centimeters 7. 14 meters 
1 8. 18a cubic centimeters 9. - 10. 2 2 
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Chapter R Answers 
R.l Basic Algebra: Real Numbers and Inequalities 
1. Rational 3. Rational 
5. ab - 5b - 3c 7. a2b - b3 + b2c 
9. a 3  - 3a2b + 3ab2 - b3 
11. b4 + 4b3c + 6b2c2 + 4bc3 + c4 
13. (x + 3)(x + 2) 15. (x - 6)(x + 1) 
17. 3(x - 4)(x + 2) 19. (x - I)(x + I )  
21. 2 23. 1 
25. Multiply out (x  - l)(x2 + x + I )  
27. x(x + 2)(x - 1) 
29. - 4. - I 31. - 1 ,  112 
33. (5 m ) / 2  35. No real solution 
37. ( 1  1: m ) / 4  39. 9/2 
41. 0 / 2  
43. - 6, -5/3, -$I, - 7/5, 0, 9/5, 23/8, 3, 22/7 
45. a > c 
47. b2 < c 
49. - 2 >  b 
51. (a) x < 4 
(b) x 9 13/3 
(c) x > 3 
21. 2 8  23. I X  + 5/21 > 5/2 
25. I X  - 1/21 > 3/2 27. (3,4] 
29. (-5,5) 31. (- 1, 1/31 
33. 1x1 < 3 35. 1x1 < 6 
37. I X  - 21 9 10 
39. L e t x = t , y = l , a n d z =  - 1 .  
41. Take the cases x > 0 and x < 0 separately. 
43. No 
1. 1 3. 64(4.31°+ 1) 
5. 1 /(29 . 312) 7. 44 
9. 3 11. 3 
13. 1/8 15. 36 
17. 1 + x 19. + 2 ~ 3  + 3~~ 
21. u s e  = xl/" 23. (ah)'/' 
25. 4, 8, 32 
27. (x ' l2  - ~ , V ' / ~ ) ( X  'I2 + y'12) 
29. (x ' I2 - 4)(x + 2) 
311. Both choices are consistent. 
33. Proceed as in the proof that bP+q = bpbq. 
- 2 - 1  0  I ?  3 4  
(a) 
R.4 Straight Lines 
53. (a) 
has solution x + b/2a = +. 
simplify. 
(b) b2 = 4ac exactly when the discriminant van- 
ishes. 
R.2 Intemals and Absolute Values 3. 
't 
1. (a) True (b) False (c) True 
(d) False (e) True 
3. If a < b, then a = 3a - 2a < b, so 3a < 2a + b 
and a < (2a f b)/3. 
5. [3, co) 
7. ( -  m,2) 
9. ( -  53, -3) or (1, oo) -2 - 1 0  2 r 
11. ( -  co,O] or [ I ,  co) 
13. 2 15. 8 
17. 15 19. 15 
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25. 2y = x  + 9 
27. y = 4 
29. m = - 1 / 2 ,  intercept is - 2 
31. m = 0, intercept is 17/4 
33. m = - 1117, intercept is 1317 
35. m = 0, intercept is 17 
37. (a) m = -4 /5  
(b) 4y = 5x - 1 
39. y =  5x + 14 
41. y =  - x + 6  
43. ( 1 ,  -3), (1 + 2$,3) or ( 1  - 2$,3) 
R.5 Circles and Parabolas 
7. r =n, center is (1, - 1/21 
9. r = 3, center is (4, - 2) 
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29. No intersection. 
31. 0, 1, 2, or infinitely many intersections. 
R.6 Functions and Graphs 
1. 7; 3 3. - 2 ;  0 5. 4; 0 
9. Domain is x # 1; f(10) = 100/9. 
9. Domain is - 1 < x < 1; f(10) does not exist. 
11. Domain is x + - 2 , 3 ;  f (10) = 13/21. 
13. 
y 4  
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15. 
€3 
27. (a) 
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27. (b) 
29. a, c 
31. Yes; domain is x + 0. 
33. Yes; domain is x < - 1 and x > 1. 
35. Yes: domain is all real numbers. 
Review Exercises for Chapter R 
- .  
13. x > 3/2 
17. ( -  I ,  I )  15. - m < x < m  19. (0,2) 
21. ( -  w, 1 - fl] and 
I1  +JT,w) 23. (5,6) 
25. ( - 2,3) 27. [5,6) 
29. ( -  w,  13/21 and (22/3, w )  
31. ( -  w, - 51, (1,5/2) and [3, w )  
33. 13 35. 8 
37. 1 39. 4 
41. 4fi 43. (\ix - , G T 3 ) / 7  
45. JiG 47. 5 f l  
49. 13y - 8x $17 = 0 51. X + Y  = 1 
53. 4y + 12x - 61 = 0 55. 2y - 7~ - 34 = 0 
57. 8y - 5x - 3 = 0 59. y - 4 = 0  
61. x2 - 24x + y 2  - 1Oy + 105 = 0 
63. x2 - 14x + y 2  + 2y + 41 = 0 
69. (-JZ, -GI, ( f l ,JT)  
71. No intersection. 
73. 
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81. a, c 
83. (a) 1 
1 + I / ( k  + I )  has the smaller denominator 
I - I (b) use -- - 
+ l  I + / '  
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Chapter 1 Answers 
1 ."llntrocllrctisn to the Derivative 
I .  (a) Ay = 3.75; Ay/Ax = 7.5 
(b)  Ay = 0.0701; Ay/Ax = 7.01 
(c )  Ay = 1 . 1 1 ;  Ay/Ax = 1 1 . 1  
(d)  Ay = 0.1 101; Ay/Ax = 11.01 
3. (a) Ay = 7.25; Ay/Ax = 14.5 
(b)  Ay = 0.1401; Ay/Ax = 14.01 
( c ) A y =  1.81; Ay /Ax= 18.1 
(d)  Ay = 0.1801; Ay/Ax = 18.01 
5. 7 meters/second 
7. 13 meters/second 
9. (a) 2x0 + 3 (b )  x,  = 7 / 2  
11. (a) 2x0 + 10 (b)  x, = 0 
13. Slope is 2. 
15. Slope is - 3. 
55. f ' (x)  = 0 at x = - 3/4;  f ' ( x )  > 0. for x > - 3/4;  
f ' ( x )  < 0 for x < -3/4  
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65. The equations of the lines are y = x i  and 
y = x i  - (1/2x0)(x - xo) 
8. By the quotient rule, 
1 As with the argument that lim,,, - = 0, we can 
X 
conclude that limx,,,[l / f(x)] = 0. 
65. ( a )  Wr i t e  f l ( x )  + f2 (x )  + f d x )  + f 4 ( x )  = 
[fi(x) + f2(x) + h(x)I + f4 (~ ) .  
( b )  Wri te  f , ( x )  + f 2 ( x )  + . + f t 7 ( x )  = 
+ ' ' ' + fl6(~)1 + f i7(~) .  
(c) Use the method of (b) with n in place of 16 
and n + 1 in place of 17. 
(d) Choose m = 1 and use the basic sum rule 
together with (c). 
1.3 The Derivative as a Limit and 
the Lelbniz Notation 
69. (a) 24.5, 14.7, 4.9, -4.9, - 14.7, -24.5 
meters/sec. 
(b) 2.5 seconds 
(c) 2.5 seconds 
(d) 5 seconds 
1. Limit is 2. 3. 2; does not exist 
5. 20 7. 0 
9. 0 11. 0 
13. 6 1 6  15. 1 
17. 1/2 19. 3 
21. 2 23. -8 
25. - 6 - 1  27. No limit exists. 
29. No limit exists. 31. 1/2 
33. 2/3 35. 1 
37. 1 = f(0); 2, f(1) does not exist; no limit, f(2) = 2; 
1, f(3) does not exist; no limit, f(4) = 2. 
39. 2, 4 41. -00  
43. No limit exists. 45. 1 
47. + 00 49. 1/2 
51. 5 53. 75 
55. 9 57. No limit exists. 
59. f(1) = 5 
61. (a) f(T) = g(T)  = 0 
(b) A thin sheet of ice of area A could remain just 
before complete melting. Hence, lim,,,g(t) 
= 0 = g(T), but lim,,,f(t) = A # f(T). 
(c) l imr+~[f(t)  ' g(t)l = 
(d) lim,,,f(t) . lim,,,g(t) = 0 as well. 
lax '  has no limit at  13. The difference quotient - Ax 
x, = 0. However, f(0) = 1 and lim,,o(l + 1x1) = 1 
imply that f ( x )  is continuous at xo = 0. 
15. 2x - 1 17. 9x2 + 1 
19. 4/3 21. 15 
23. -3  25. 10 
27. 8 29. - 2 / ~ ~  
31. 1/2 33. One answer is 
f (x)  = (A - x2 for - l < x < l  for x <  - 1 o r x >  1 
Another is given in this figure: 
35. (a) 1, 0 
d sin ( x  + Ax ) - sin x (b) - (sin x )  = lim dx A X + O  A X  
sin x cos Ax + cos x sin Ax - sin x 
= lim 
Ax+O AX 
cos Ax - 1 
Ax+O Ax 1 
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"1.4 Differentlatireg Polynomials 
13. f ' ( x )  + g l ( x )  = 6 x  + 1 = ( f  + g) '(x)  
15. f ' (x)  + g f ( x )  = 2x + 1 = ( f  + g) ' (x )  
17. f ' ( x )  - 2g1(x) 19. 5x4 + 8 
21. 5t4 + 12t + 8 23. 4 x 3  - 14x - 3 
25. 13sI2 + 96s7 - 21s6/8 + 4s3 + 4s2 
27. 4x3 - 9x2  + 4 x  
29. 80h9 + 9hs - 113h 
31. 6x5  + 12x3 + 6 x  
33. 24r7 - 306t5 + 130t4 + 48t2 - 18t + 17 
35. - 30r5 + 20r3 - 26r 
37. 7t6  - 5t4 + 27t2 - 9 
39. 7u6 + 42u5 + 76u3 + 15u2 + 70u 
41. 2x - 1 / 2 6  43. 3 x 2 - 2 +  I / &  
45. - l 47. 317.44 
49. 5 51. x 3 / 3  + C 
53. x n + ' / ( n  + 1 )  + C 
55. ( k f ) ' ( x )  = 2akx + kb = k f ' ( x )  
= 4ar2 = surface area 
59. k is the conversion factor from miles to kilometers. 
6.5 Products and Qtuollents 
1. 3x2 + 16x + 2 3. 7 x 6  - 4x3  - 2 
5. 3x2  + 2x  - 1 7. 4x3  + 15x2 + 16x + 6 
9. 3x2  11. 4x3  
13. 5 ~ ~ / ~ / 2  15. 7x512/2  
17. (- x 2  + 4 x  + 3 ) / ( x 2  + 312 
19. ( 4 ~ 9  + 7~~ + ~4 - ~ x ) / ( x ~  + 112 
21. - 8 x / ( x 2  - 212 
23. - 2 / x 3  + ( -  x2  + 1) / ( x2  + 1 ) 2  
25. ( -6r2  - 16)/r9 
27. 2s / ( l  - s ) ~  
29. ( - 8 x 3  - 8 x ) / ( x 4  + 2 ~ ~ ) ~  
31. - 4 / x 5  
33. - 2 / ( ~  + 113 
35. s2(8s5 + 5s2 + 3)  
37. 8 y + 6 +  1 / ( y +  I ) ~  
39. I /&(& + 1l2 41. 15x312/2 + 2x  
43. (2  4- &)/2(1 + &)2  45. -3/JZ;;(1 + 3 6 ) 2  
47. Let h ( x )  = I / g ( x )  and differentiate I / h ( x )  by the 
reciprocal rule. 
49. - 1 / 4 0  
51. 32x7 + 48x5 - 20x4 - 52x3 - 52x + 13 
53. 24x5 + 3x2  - 26x + 2 
55. ( - 8 x 7  - 32x5 + 20x4 - 26x3 - 13)/(4x5 - 13x12 
57. P ( x )  = x 2  is an example. 
1.6 The Linear Approximation 
and Tangent Lines 
5. y = - (21/2)x  
7. y = ( -25 /2 )x  + (17/2)  
9. x =  - 1  
11. x = 16 
13. 4.08; 4.0804 is exact. 
15. 24.99; 24.990001 is exact. 
17. 4.002; 4.001999 on a calculator. 
19. 3.99; 3.989987 on a calculator. 
21. 74.52 
23. 63.52 
25. 0 . 2 4 ~  
27. 0 . 4 0 ~  
29. 60.966 
31. 0.0822 
33. y = 12x - 8 
35. 1.02 
37. -4.9976 
39. 1,153,433.6 
41. - 14.267; - 0.98; - 36.00 
Copyright 1985 Springer-Verlag. All rights reserved.
A.12 Chaplea 1 Answers 
43. g'(3) = - 16; the graph lies below the tangent line. 
45. (a) 16 + 32(Ax) 
(b) Smaller 
(c) [ I  .730,2.247] 
47. 1 - x is the linear approximation of 1/ (1  + x )  
near 0. 
Review Exercises for Chapter 1 
27. 2 $ f p / ( p 2  + I ) ~  
29. . - ( 2 6  - 1 ) / 2 6 ( ~  - 6)' 
31. 2 
33. 3 
35. - 192 
37. 1 1  
39. 6 
41. 4x3 + 6 x  
43. 3 /5  
45. 0 
47. I ;  0 ;  does not exist; does not exist; 1, 1,2 
49. 17 
51. 1 - 1 / 2 6  
53. -13 
55. 0 
57. 0 
59. t = 2, 1/3 
61. 1 meter/second. 
63. 1.072 
65. 2.000025 
67. 1.0045 
69. 27.00 
71. y =  -6x  
73. y = (216/361)x - (413/361) 
75. 0.16n, the exact value is calculated as 
(0.1608013 . . . )n meters3. 
77. 5 /2  
79, - x 
81. dV/dr = 9r2 which is 9/14 of A .  
83. (a) dz/dy = 4y + 3; dy/dx = 5. 
(b) z = 50x2 + 35x + 5; dz/dx = IOOx + 35 
dz (c) (dz / dy) . (dy / dx) = lOOx + 35 = - dx 
(d) x = ( y / 5 )  - (1/5), dx/dy = 1/5 
(e) dx/dy = l / ( d y / d x )  
85. y = (2 f i  - 2)x 
87. The focal point is (0, 1/4a). 
89. (a) Use x"xm = x n  " ". 
(b) Apply (a) to the numerator and denominator. 
(c) Use the quotient rule. (If deg f = 0, then f ( x )  
might be constant, in which case, deg f' is not - 1.) 
91. (a) Expand f'g - fg' and equate coefficients of 1, 
x , x 2  . . . to zero. 
(b) Apply (a) to F - 6. 
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Chapter 2 Answers 
2 .Ma les  of Change and the Second Derivative 
5. i \P /h t  = 0.6 cents/year, P = 5 when t = 1987; 
when t = 1991, P = 7.4 
7. v = 9.8t + 3; u = 150 meters/second. 
9. -60 
11. 11/2 
13. 7rr2 
15. 69.6 
17. 53 
19. 400 people/day 
21. 47rr2, the surface area of a sphere 
23. t =  2 J - T ;  no 
25. 1.00106, 0.043 
27. 12x2- 6 
29. + 2)3 
31. 168r6 - 336r5 
33. 2 
35. 20x3 + 84x2 
37. 2 / ( ~  - 113 
39. 4(3t2 + l ) / ( t2  - 113 
41. 3 meters/second; 0 meters/second2 
43. 0 rneters/second; 16 meters/second2 
45. - 2 meters/second; 0 meters/second2 
47. (a) 29.4 meters/second downward; -9.8 me- 
ters/second2. 
(b) - 20.8 meters/second. 
49. 10 dollars/worker 
51. 94 dollars/worker day 
53. [25 - 0 . 0 4 ~  - (4 + 0 . 0 4 ~  - 0.016x3 + 0.00004x4) 
/(I + 0 . 0 0 2 ~ ~ ) ~ ]  dollars/boot. 
55. Gas mileage (in miles/gallon). 
57. Price of fuel (in dollars/gallon). 
59. The first term is the rate of cost increase due to 
the change in price and the second term is the rate 
of cost increase due to the change in consumption 
rate. 
61. - 1.6, - 1.996, - 1.999996. (The derivative is - 2) 
63. (a) 0; 0 
(b) 30; 30 
(c) 0; 0 
(d) - 12; - 12 
65. ( lo t4  + 4t3 + 12t2 + 22t - 3) cm2/second. 
67. (a) t > 6/10 
(b) - 13/2 
(c) t = 1/6 
69. a = 0 
71. (a) Accelerating when t > 0; decelerating when 
t < 0. 
(b) no 
73. (a) V = 4000 - 350t 
(b) -350 
x s o  (b) f ( x )  = (iX > 
There is no second derivative at x = 0. 
(d) The acceleration may have jumped as an en- 
gine was started. 
2.2 The Chain Rule 
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17. h(x) = f(g(x)) where f(u) = 6,  g(x) = 4x3 + 
5x + 3. 
19. h(u) = f(g(u)) where f(v) = v3, 
g(u) = (1 - + u) 
21. 4x(x2 - 1) 
23. 1 
25. 6(x2 - 6x + 112(x - 3) 
27. - 195x4/(3 + 5 ~ ' ) ~  
29. 8x(x2 + 2)[(x2 + 2)2 + 11 
31. - 2x(x2 + 3)4(3x2 + 4) (x2 + 4)9 
33. 5x(2x3 + I ) / J d  
35. 3xy(2x2) + 4x4f'(2x2) 
37. (a) f(  g(h(x))) 
(b) f'( g(h(x))) . gf(h(x)) . h'(x) 
39. 0.2; m0.18; as the circle grows larger, a given 
increase in diameter produces more area 
41. 1500 gm cm2/sec3 
43. 54/mile 
45. -6250 
47. 156(x + 1)" 
49. 392(x4 + 10x2 + 1 ) ~ ~ [ 3 9 1 x ~  + 3915x4 + 53x2 + 
9700x + 51 
51. (a) (d/dx)f(cx) = cf'(cx) 
(b) If the x-axis is compressed by a factor 4, the 
slopes are multiplied by 4. 
J' 
y =  1 +x2 
59. (a) Use the product rule 
(b) Use the quotient rule 
(c) Use the Dower of a function rule 
2.3 Fractional Powers and 
llmpll~lt Diffelrtlatlorr 
35. 0 
37. (a) - 4 ~ ~ / ( 2 ~  + 1) 39. (a) Q/4 
(b) -4/3 (b) - Q /4 
(c) - 4 ~ ' / ( 2 ~  + 1) 41. y = - x + 2 
43. (- 1 /4)x -3/2 + (2/9)x -4/3 
45. y =  - 0 x + 2  49. 1.9990625 
47. x3/(l - x41314 51. 8.9955 
53. [32(2 + x ' / ~ ) ~ / x ~ / ~ ]  kg unit distance. 
55. 2.4 
57. - 2\/2 /27 seconds/pound. 
59. (a) y = 50x/(x - 50) 
(b) - 2500/(~ - 5012 
(c> (0,O) or ( 100,100) 
2.4 Related Rates and 
Paramelrlc Gumes 
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11. y  = x3  for x  > 0 
13. y  = (15x - 125)/2 
17. dy/dt  = - ( d x / d t ) / l 6  
19. -41/8 
21. - 125/8a cm/sec. 
23. 2.55 inches/minute. 
25. (a)  By the distance formula, 
which yields 3x2  + 3 ( y  - (4/3)12 = 4 /3 ,  a  circle. 
(b) 0 
( c )  (0 / 3 ,  ( -  0 + 41/31? ( - Q / 3 ,  (Q  + 4 ) / 3 )  
27. - 7 / 3  
29. - l 
31. (a)  For a  horizontal line, dy/dt = 0,  dx /d t  # 0. 
For a vertical line, dx /d t  = 0,  dy/dt  # 0. 
( b )  Horizontal tangents at t  = +m. Vertical 
tangent at t = 0. 
dh dh 33. Use ;i; / 
= , 
1. x 2 / 2  + 2x + C 
3. s4/4 + s3 + s2 + C 
5. - 1 / 2 t 2 +  C 
7. 2x512/5 - 2x3 l2 /3  + C 
9. 6 
11. ( 1  + 4 0 ) / 2 4  
13. (3 /2 )x2  + C 
15. - x - '  - ( 1 / 2 ) ~ - ~  + C 
17. 2(x + 1 ) ~ / ' / 3  + C 
19. 2(t + 1 ) ' / ~ / 5  + C 
21. v = 9.8t + 1 ;  x  = 4.9t2 + t + 2 
23. u = 9.8t - 2; x  = 4.9t2 - 2t 
25. No. 
27. Use the sum rule for derivatives. 
29. x 3 / 3  + 3x2 /2  + 2x + C 
31. t3  + t 2  + t  + C 
33. -1/[8(8t + I ) ]+  C 
35. - 1 /[6(3 b  + 2)'] + C 
37. - 1/3x3  + x 5 / 5  + C 
39. 2x512/5 + 6 6  + C 
41. (1 /4)x4  + ( 3 / 2 ) x 2  + C 
43. - I / ( t  + I ) +  C 
45. (8x  + 31312/ 12 + C 
47. - 4(8 - 3x) ' l2/3 + C 
49. x+6-  + C  
51. x 3 / 3  + 3x2 /2  + 9x  + C 
53. 4.6 seconds 
55. m3195 
57. 4 seconds 
59. (a)  - 6 x 2 / ( x 3  - 112 
(b) ( ~ 3  + 1 ) / ( ~ 3  - I )  + c 
61. (a)  80(x4 + 1)I9x3 
( b )  ( x 4  + 1 ) ~ ' / 8 0  + 9x513/5 + C 
63. - ( 3 / 4 ) ~ - ~ + ( 2 / 3 ) x - ' +  x - ' +  C 
65. (1 /4 )x4  + x3  + 2x + 1 
67. ( a l l [  f (x)r/ . (x)  dx = [ f ( x ) r  + ' / ( n  + I )  + C 
( b )  - 1 / 6 ( x3  + 4)2 + C 
Review Exercises for Chapter 2 
1. 18(6x + 
3. 10(x3 + x 2  - 1)(3x2 + 2 x )  
5. - 6 / x 2  
7. --2/(x - 1 ) 2  
9. ( -  2 ~ 3  - M X ) ( X ~  + I ) I ~ / ( X ~  - 1 ) 1 5  
11. 3(x2  + x / 4  - 3/8)2(2x + 1/4)  
$3. ( x 3  + 12x2 - 6 x  - 8 ) / ( x  + 4))  
15. 24x2 - 8x - 4 
17. y  = - 1 - 3 f l ( ~  - 1)/6 
19. y  = -5184 - 3 2 4 0 ~  
21. (5 /3)x2/3  
23. ( 3 6  + ~ ~ / 2 ) / [ 2 (  I + 
25. 3 6 / ( 1  - x3/2)2  
27. 4/&(1  + 6)' + 3(1 - x + & ) / ( I  - 6)' 
29. f ' ( x )  = ( -  x 2  + 2ax + c  + 2ab) / ( x2  + 2bx + c12 
f  " ( x )  = [2x3  - 6ax2 - (6c + 12ab)x + 
2ac - 8ab2 - 4bc] / ( x2  + 2bx + c13 
31. ~ ' ( t )  = A/ (1  - t12 + 2Bt / ( l  - t2)' + 3Ct2/(1 - t3)' 
~ ' ' ( 1 )  = 2A/ (1  - t)3 + ( 2 B  + 6Bt2)/(1 - t2)' + 
(6Ct + 12Ct4)/(1 - t313 
33. h l ( r )  = 13r i2  - 4 \ir r3  - ( -  r2  + 3 ) / ( r 2  + 3)' 
h M ( r )  = 156r" - 1 2 0 r 2  - (2r3 - 18r)/(r2 + 3)3 
35. Y ( X )  = 3 ( ~  - 1 l Z g ( ~ )  + ( X  - 1 ) 3 g ' ( ~ )  
f r ' (x )  = 6(x  - I )g ( x )  + 6(x  - ~ ) ~ g ' ( x )  + 
( X  - I ) ~ ~ " ( x )  
37. h f ( x )  = 2(x - 2)3(3x2 - 2x + 4)  
h " ( x )  = 2(x - 2)'(15x2 - 20x + 16) 
39. gl ( t )  = (2t7 - 3t6 - 5t4 + 12t3)/(t3 - I ) ~  
g"(t)  = ( 2 f 9  - 4t6 - 18t5 + 20t3 - 36t2)/( t3 - 113 
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43. (a) 3/4 millibars per degree. 
(b) - 12°C 
45. 0 
47. 32.01 miles per hour. 
49. dA/dx = 44x; d2A/dx2 = 44. 
53. dA /dP = 44P/(25 + m)'; dP/dx = 25 + 
55. d A / d P  = [ I20 - (25/2)n]P/[5,rr/2 + 321'; 
dP/dy = (5n/2) + 32 
57. (a) [5 - (0.02)xJ dollars per case. 
(b) $3.32 
(c) Marginal cost is a decreasing function of x. 
(d) x 2 504 
59. y = 0 
61. y = - L + U x  19 361 ( - 2, 
63. - 1/2 
67. (a) 3.00407407 
(b) - 3.979375 
8. (a) 20Ax 
('0) 0.42 
71. fl'(x)g(x) + 2f'(x)g1(x) + f(x)g"(x) 
73. Each side gives mn f(x)""- tf'(x). 
75. 10x + C 
77. x4 + x3 + x2  + x + C 
79. 1 0 x ~ / ~ / 2 1  + C 
81. l /x  + l /x2  + 1/x3 + 1/x4 + C 
83. x3/3 + 2x3/'/3 + C 
85. 2 ~ ~ / ~ / 5  + 2 6  + C 
9. f'(x) = 1 / 2 ~ ~ / ~ ( ~ 6  + 1)'; 
(y(x)dx = (4&- I )/(4fi+ I ) +  C 
101. f ' ( ~ )  = - ~ x / ( x ~  - I ) ~ / ~  J-; 
l y ( x ) d x  = [(x2 + l)/(x2 - + C 
103. (a) Replacing x by - x does not change the equa- 
tion, so the graph is symmetric to the y-axis. 
Similar argument for x-axis. 
(b) -2/11 
(c) y =  -2x/11 + 15/11 
105. 84 pounds per second. 
107. (a) fr'(x) = n(n - I ) x " - ~ ;  
f'"(x) = n(n - I)(n - 2)x n - 3  
(b) $$ = n(n - I)(n - 2) .  . . (n - r + I ) X " - ~  
(c) [f(X)g(x)h(x)I1 = f'(x)g(x)h(~) + 
f(x)gl(x)h(x) + f(x)g(x)hl(x) 
dk- I 
109. By Exercise 108, - r(x) = CI . Conclude 
dxk- '  
dk-2 
r(x) = C,x + C2 and repeat. 
dxk-' 
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3.j Continuity and the 37. f(x) is not continuous on [0,2j. 
39. 2.22 intermediate Value Theorem 41. - 1.194 
1. (a) ( -  oo, - l), ( -  I ,  I), (1, m); (b) all x ;  
(c) ( - a ,  - 11, ( -  1, a )  
3. Use the rational function rule. 
5. Use the rational function rule. 
7. (-oo,oo) 
9. Since f(x) is defined everywhere but at x0 = +- 1, 
f(x) is continuous by the rational function rule. 
11. lim f(x) does not exist. 
x+o 
13. (f + g)(xo) = f(x0) + g(x0) = 
lirn f(x)  + lirn g(x) = hIo[ f(x) + g(x)]. 
x+xo x+xo 
15. x < -2$, x > 2 f l  
17. Let f(s) = - s5 + s2 - 2s + 6. Note that f(2) = 
-26, f(-2) = 46 and use the intermediate value 
theorem. 
19. Consider f(-  1) = 3, f(0) = - I ,  f ( l )  = 3 and use 
the intermediate value theorem. 
22. Negative on ( -  m, - fl) and (1,Q), positive on 
(-fl,  1 )  and ( 6 ,  + m )  
23. s 1.34 
25. Use the second version of the intermediate value 
theorem. 
27. No, lirn f(x) does not exist. 
x--)xo 
J'S 
29. f(2) = 4 
31. One possibility is f(x)  = - 5x/2 + 9/2. 
43. To increase accuracy by one decimal place, accu- 
racy must increase ten times. 
45. llOf(b)/[ f(b) - f(a)]l computed to the nearest in- 
teger marks the new division point if [a, b] is 
divided into ten equal parts. (Other answers are 
possible.) 
47. Iff is continuous at xo and f(xo) > 0 then f ( x )  > 0 
for x in some interval about xo. 
49. In step 2, write f (x ) /xn  = 1 + U , - ~ X - '  + . . . 
+sox-" a n d  l a , - , x - '  + . . . + ~ , x - ~ l  
< l ~ , _ ~ x - ' I  + . . . + laox-nl  < lan- , [  Ix-lI + 
. . + laol lx-'1 = (la,-,I + . . . + lao l ) lx- ' /  
< 1/2, so f(x)/xfl > 1 /2. 
3.2 increasing and Decreasing 
Functions 
1. Use the interval (2,4) and the definition of in- 
creasing. 
3. Verify the definition of increasing function. 
5. f changes from ~ 5 ~ -  QO pos;+iVeat x, = 1 /2. 
7. f changes from negative to positive at xo = 0. 
9. Increasing 
11. Neither 
13. Right 
15. January, February, March; t = 3 is a minimum 
point; inflation got worse after April 1. 
17. Increasing on (0, a ) ;  decreasing on ( - m,0) 
19. Increasing on ( -  oo, I), (2, a ) ;  decreasing on 
(1,2). 
21. (a) 3 (b) 4 
(c) 1 (dl 2 
(e) 5 
23. 
Functtun 
po)nts 2 I (max) 
(4)  slgn c h a n g e  nowhere i 2 
25. x , ,  x,, x, are minima; x2, x4 are maxima; x6 is 
neither. 
27. x = 0, a local minimum. 
29. x = 0, a local minimum; x = -2/3, a local maxi- 
mum. 
31. y = - I ,  a local minimum; y = I, a local maxi- 
mum. 
33. r = - 1,0, 1 are local minima; r = .t 1 / f l  are lo- 
cal maxima. 
35. Increasing at - 3, - 36; decreasing at 1, 3/4, 25. 
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37. m = -2, positive to negative; m = 0, no sign 
change; m = 2, negative to positive. 
39. x,  = -2,  positive to negative; x ,  = - 1 ,  negative 
to positive. 
41. f  does not change sign. 
43. Positive to negative. 
45. Increasing on ( -  oo, - I/-), (I/-, oo); de- 
creasing on (- m, m). 
47. Increasing on ( - co, 3  - ), (3 + m, oo); de- 
creasing on (3 - m ,  3  + m). 
49. f ( x )  is of the form a ( x 2  - 4 x  + 3)  where a  > 0. 
51. (a) l i m f ( x )  = 3/2 ,  lim f ( x )  does not exist. 
x-r l x- t  - l 
(b) Show f f ( x )  = x ( x 3  - 3 x  + 2 ) / ( x 2  - I ) ~  > 0 
on ( -  oo, -2). 
(c) f ( a ) <  f ( - 2 ) i f  a <  - 2 0 r  - 2 < a <  - 1 .  
(d) I f  a  > - 1 ,  then (a3  - l ) / ( a 2  - I )  > 1. 
53. For  x  < x ,  < y ,  f ( x )  < f (x ,)  < f ( y )  and 
g ( x )  < g(x,) < g ( y )  implies f ( x )  + g ( x )  < 
f(xo> + g(x0) < f ( y )  + g ( y ) .  
55. If a,  > 0. If a ,  = 0 = a2 and a, > 0. Etc. 
57. (a) g ( x )  h  ( x )  is increasing when g'/g + h' /h > 0. 
g ( x )  h  ( x )  is decreasing when g'/g t h'/h < 0. 
(b) g ( x ) / h ( x )  is increasing when 
g f / g  - h ' / h  > 0. g ( x ) / h ( x )  is decreasing 
when g f / g  - h ' /h  < 0. 
59. f ( x )  = k ( x 3 / 3  - x ) ,  k < 0 
61. 2a2 = b2 
3.3 The Second Derivative 
and Concavity 
1. x  = 0  is a local minimum. 
3. x  = - 4Ji730 is a local maximum; x  = 4m is 
a local minimum. 
5. x  = 0  is a local minimum. 
7. s = - 1 is a local minimum; s = 1 is a local maxi- 
mum. 
9. Concave up everywhere. 
11. Concave up everywhere. 
13. Concave up on (1, co), concave down on ( - oo, 1). 
15. Concave up on ( - 4 / 3 ,  co), concave down on 
( -  co, - 4 /3 ) .  
17. x  = 0  19. x  = 0 
21. None 23. x =  ?l/O 
25. (a) Maximum (b) Inflection point 
(c) None (d) Maximum 
(e) Maximum (f) Inflection point 
(g) Inflection point (h) Minimum 
27. x  = 0  is a local minimum, increasing on (0, oo), 
decreasing on (- co, 0),  concave up on (- oo, oo). 
29. x  = - 2  is a local maximum, x  = 2 /3  is a local 
minimum, x  = -2 /3  is an inflection point, in- 
creasing on ( -  co, -2), and (2 /3 ,  oo), decreasing 
on (-2,2/3), concave up on (-2/3, oo), concave 
down on ( - oo, - 2/3) .  
31. Inflection point a t  x  = 0 for odd n,  n > 2. 
33. f ( x )  = k x 4 / 1 2  - k x 3 / 2  + k x 2  + dx  + e  where 
k  # 0, d  and e  arbitrary. 
35. (a) fl '(xo) < 0 ( f  "(x,) > 0) makes the linear ap- 
proximation greater (less). 
(b) the approximation is less for x  > 0. 
37. (a) 2(x + I), - x ,  2(x - 1) 
(b) 
This table shows f ( x ,  + Ax), followed by its linear 
approximation. e ( x )  < 0 when fn(x,) < 0, e ( x )  > 0 
when fU(x,) > 0. e ( x )  is the same sign as Ax when 
f  "(x,) = 0. 
39. (a) I = E / 2 R  
(b) P = E 2 / 4 ~  
41. 28 feet. 
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(dl 
45. Not necessarily. 
47. If h" = f" changes sign from negative to positive 
at  xo,  then h f ( x )  is decreasing to the left of xo and 
increasing to the right. Since h1(x0)  = 0, h' changes 
sign from negative to positive. Repeat to conclude 
the result. 
3.4 Drawing Graphs 
1. Odd 
3. Neither 
5. Near - 1 :  x  < - 1, f ( x )  is large and positive; 
x  > - 1 ,  f ( x )  is large and negative. 
7. Near 1: x  < 1 ,  f ( x )  is large and negative; x > 1, 
f ( x )  is large and positive. ( x  = - 1 is not a vertical 
asymptote). 
9. 
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31. (a) B 
(b) A 
(c) D 
(dl C 
33. (a) Increasing on ( - 0 , O )  and (8, oo); decreas- 
ing on ( -  oo, - fl) and (0,G). 
(b) 
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41. f ( x )  is even if and only if f ( x )  - f ( - x )  = 0. 
When expanded, this shows that f ( x )  is even if the 
even powers of x  have nonzero coefficients. Use a 
similar argument for odd functions. 
43. (a) 
(b) t = 4 
(c) The growth rate is zero. 
45. 4 x 1  = + f (  - x)l ,  o ( x )  = + [ f ( x )  - /( - x)l 
47. No; for example / ( x )  = 1. 
49. Locate the inflection point of g at  x  = 0 or just 
substitute. 
51. x 3  + (8/3)x, type I 
53. Velocity is 0, acceleration is infinite. 
55. N o  critical points if ap > 0, 1 critical point if 
p = 0, 2 critical points if ap < 0. 
57. Substitute 
Type 112 (d  = 0) Type n3 (d < 0) 
61. Eliminate x  from the equations f ' ( x )  = 0, 
f  " ( x )  = 0. 
63. 111, 
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3.5 Maximum-MI10Imum 
Problems 
I. (1, - 1) is the minimum; n o  maximum. 
3. (a, 2 a )  is the minimum; no maximum. 
5. N o  minimum. Maximum at  x  = - 1. 
7. - rn is a minimum, rn is a maximum. 
9. (197 1.4, 16%) is a minimum; (1980,34%) is a maxi- 
mum. 
I Critical points Endpoints Maxima Minima 
31. Minimize f(1) = 2(1+ I / / )  
I 
33. Maximize f ( x )  = x ( M  - x )  
35. 1 = 1 is a minimum; the rectangle is a square of 
side length 1. 
37. x  = M / 2 ;  the two masses should be equal. 
39. 10 cm on each side. 
41. (a) r = 'Jm cm, h = 2 'Jm cm. 
(b) r = vV/2m cm, h = 2 3m cm. 
(c) r = cm, h = J- cm. 
43. 749 units. 
45. Height and width are 12 inches, length 24 inches. 
47. 32, 4  
49. (a) Circle of radius 500/n feet. 
(b) Circle has radius 500/(n + 4 )  feet, square 
has side 1000/(n + 4). 
51. ( a ) y  = 3@ + a  
(b) (a2i3  + b2/3)3/2 
53. 1 = (3 - @ ) c / 3  
55. The square of side 1. 
57. The semicircle with radius 500/n meters. 
59. The right triangle with legs of length $. 
61. One possibility is y = - 1x1. 
63. One possibility is f ( x )  = x on ( - 2,2), 
f (2)  = f ( -  2) = 0. 
65. M I  < M2 since M I  is a value and M2 is the 
maximum value. 
67. For p > 0,  q > 0 ,  (m, 2 m )  is a minimum; 
p < 0 ,  q < 0, (m, 2 m )  is a maximum. Qth- 
erwise, no solution. 
69. There are none. 
71. x  = 0.497 or 1.503. 
73. (a) A quart 
(b) If q > g /2 ,  G < Q + g / 2 ;  if q < g / 2 ,  
G G  Q + q .  
75. f and g must have a maximum at  the same point. 
77. Use the closed interval test and the definition of 
concavity. 
3.6 The Mean Value Theorem 
1. Use the mean value theorem. 
3. f ( x )  = 2g(x)  + C 
5. Use the mean value theorem. 
7. Use the mean value theorem. 
9. It is between 72 and 76. 
11. x ,  = 1/2. 
13. F ( x )  = ( l / x )  + C, for x  < 0 ;  F ( x )  = ( l / x )  + C2 
f0r.x > 0;  CI doesn't necessarily equal C2 
15. No, f ' ( x )  doesn't exist a t  x  = 0. 
17. x 2 / 4  - 4 x 3 / 3  + 21x + C. 
19. - I / x  + x 2 +  C .  
21. 2x5 /5  + 8 / 5  
23. x 5 / 5  + x 4 / 4  + x 3 / 3  + 13/60 
25. Use the mean value theorem twice. 
27. Use the horserace theorem. 
29. Show that dN/dt  0  cannot hold on ( t l , t 2 )  by 
using the fact that N is nonconstant. 
Review Exercises lor Chapter 3 
1. ( -  co, - 1 )  and (1, co) 
3. ( - co, l ) ,  (1,2) and (2, co) 
5. Use the definition of continuous functions. Yes, 
polynomials are continuous and h ( x )  is continu- 
ous at  x  = 2. 
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15. Increasing on ( -  JT , JT ); decreasing on 
( -  w, -fi) and (@, w). 
17. Increasing for t < - 5/3 and t > 5, decreasing for 
- 5/3 < t < 5 for t in [ -  3,7]. Political reaction to 
minimum: fulfilled promises; maximum: things 
are turning around now; inflection point: the rate 
at which things are getting worse has just turned 
around for the better. 
9. Use the intermediate value theorem. 19. Speeding up on (50, 100); slowing down on (0,SO). 
11. The root is approximately 0.83. 21. xo = 2/3  is a local maximum; xo = 1 is a local 
13. Increasing on ( -  w, 0) and (1/4, w); decreasing minimum. 
on (0, 1 /4). 23. xo = - 3 and xo = 1 are local minima; xo = - 1 is 
a local maximum. 
Concavity Local 
Conttnuous Differentiable Increastng Decreas~ng UP Down Endpoinls Maximum Mlnimum Inflection Points 
31. False. 
33. False. 
35. False. 
37. True. 
39. True. 
41. 
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63. ( 5 p  + 2) inches by ( 1 0 p  + 4) inches. 
65. Height is h/3, radius is 2r/3. 
67. 1 = 3m, h = (2 3 m ) / 5 ;  the ratio I/h is 
independent of V. 
69. V = 2 r r3  + 40prr2 yields radius, h = V/nr2. 
71. = d m ,  P =  180/(5 + J-) 
i ' I 3  73. (a) 1 
51. Maximum value is 3 1; minimum value is - 13. 
53. Maximum value is 3 ;  minimum value is 
2 m  - 10. 
55. There are none. 
57. 
- 
8 4 4 - 
3 3 b
75. (a) Show that the minimum occurs at (a  + b)/2 
and use the fact [(a + b)/2I2 > ab for positive a 
and b. 
77. (a) R = price per item x number of items. C 
= initial cost + (cost per item) x (number of 
items). P  = cash received - cost. 
(b) x = 2000 units. 
(c) x = 3000 units. 
(d) x = 5,625,000 units. 
79. I = 1 6 6  feet, w = 1 0 6  feet. 
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81. (a) x = 40/(3,/7 + 1) (b) Use the definitions. 
(b) 16.4 miles (c) Use properties of exponentiation. 
83. If f"'(x) = 0, then f"(x) = 2 A ,  a constant. Then (d) Use properties of exponentiation. 
f'(x) - 2Ax is a constant too. (e) Consider the cases Ix - a1 < 1 or Ix - a1 > 1 
85. (a) 119.164 lbs. and when m , n  are < 1 or > 1. 
(b) Gain is 7.204 lbs. (f) Y 4 
87. (a) Set the first derivative equal to 0. 
(b) fg has a critical point if f'/f = - g ' /g .  
89. (a) 
93. Assume that there is no maximum or minimum 
and show that this contradicts f(0) = f(l). 
95. The maximum and minimum points off  on [a ,  b] 
cannot both be endpoints. 
97. Use the mean value theorem on [ f(x)]/x. 
't 
99. Consider the second derivative of h(x) = x2f(x). 
91. (a) Y 
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Chapter 4 Answers 
1. 20.4 meters. 
3. 9 1.0 meters. 
5. 34 
7. 40 
9. 325 
11. 1035 
13. 3003 
15. 9999 
17. 0 
19. 5865 
21. [n(n + 1) - (m - l)m]/2 
23. Notice that 1/(1 + k2) )< 1 for k > 1. 
25. 100,000,000 
27. 10,400 
31. 14,948 
33. (n + - 1 
35. 30,600 
37. 122 
39. 124 
41. (a) Apply the telescoping sum formula. 
(b) [n(n + 1)(2n + 1)]/6 - [(m - 1)(2m - 
(c) [n(n + 1)/212 
4.2 Sums and Areas 
xo x,  x2 x3 Ax, Ax2 Ax3 k ,  k2 k3 Area 
5 . 0 1 2 3  1 1  1 0 2 1  3 
7 . 0 1 2 3  1 1  1 0 1 2  3 
11. 91.5 meters < d < 1 17 meters. 
13. 0.01 meters < d < 0.026 meters. 
15. 3/2 
17. 5(b2 - a2)/2 
19. 1/2 
21. 11/6 
23. 1/6 
4.3 The Definition of the integral 
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11. l2 xdx 
- 1 
13. 7/10 
15. 0.509 
17. (a) L35(t2 - 5r + 6)dt 
(b) J25(r2 - 5t + 6)dl - 
0 
19. lim (l/n" )C i 5  
n-t m i =  l 
Choose step functions with two steps. 
if O < x < l  
@I i x f ( f ) d [  = (:" if 1 < x < 3  
0 
- x + 5  if 3 ~ x 9 4  
(b) u 
4 
3 
(c) F is differentiable on (0,4] except at 1, 3 
and 4. 
27. (a) 
(b) 0, 15, - 2, 8 
(c) (n - l)n/2 
nx) 
7 
n 
29. (a) A,Ax, 
i =  l 
31. (a) Choose a partition and consider kf(x) on each 
interval. 
33. (a) 19/2 
(b) 1/2 
(c) They are both 19. 
(d) Calculate each explicitly. 
(e) No. 
35. 1/6 
4.4 The Fundamental Theorem 
of Calculus 
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41. 604,989/5 units. 
43. - 2 9 / 3  units, 16 units. 
45. 1600 feet. 
47. (a) o ; / g  
( b )  5oo2/8g 
49. On an interval ( x i ,  xi+ ,) on which h ( t )  = l i ,  
f(t) < li, SO F ( x i + , ) -  F(x i )  < (Axi)li by the 
mean value theorem. Now use a telescoping sum. 
1. ( d / d x ) ( x 5 )  = 5x4  
3. ( d / d x ) ( t I 0 / 2  + t 5 )  = 5t9 + 5t4 
5. (a) ( d / d x ) [ t 3 / ( 1  + t 3 ) ]  = 3 t 2 / ( 1  + t3)2 
( b )  1/2 
7. (a) (3x2  + x 4 ) / ( x 2  + 112 
( b )  1 / 2  
9. 370/3 
11. 16512/7 
13. 1 1 /6  
15. 1 / 6  
17. 3724/3 
19. (a) For any c,  the area under c times f ( x )  is c 
times the area under f ( x ) .  
( b )  If you go c times as fast, you go c times as far. 
21. 7 
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33. 3/(t4 + t3 + I ) ~  
35. - t2(1 + t15 
37. Differentiating the distance function with respect 
to time gives the velocity function. 
39. (a) 
Review Exercises for Chapter 4 
d 41. (a) - [F,( t )  - F,(t)] = f ( t )  - f( t )  = 0 dt 
43. (a) Let u = g( t )  and G(u)  = f(s)ds .  Then i." 
g"'f(s) ds = G(g(t)).  NOW use the chain 
rule. 
(b) The rate of change of area = height times the 
speed of the screen. 
45. 2 / x  
. 47. f(g(r)) . g'(t) - f'(h(t)) . h'(t). The rate of change 
of area as both endpoints move is the sum of the 
rates due to the motion of each endpoint. 
49. The general fact about inequalities is: if c < a + b 
then c = c ,  + c2 where c ,  < a and c2 < b. (Let 
c 1 = a - + ( a +  b - c ) a n d c 2 = c - c , . )  
53. f(c) -+ f(t) as h - 0  by continuity off.  
4.6 Applications sf the integral 
1. 160/3 3. $18,856 
5. 16/3 7. 31/5 
9. 1/6 11. 3/10 
13. 141/80 15. 8 
17. 207/4 19. 1/4, 1/4 
21. 32/3 23. 1/8 
25. 12,500 liters. 27. 7200 
29. (a) bh/2 
(b) bh/2 
31. Speedometer. 
33. 15 minutes, 43 seconds. 
35. (a) Integrate both sides of 
Wf(t)=4(t /100)-  3(t/100)'. 
(b) t2/50 - t3/10,000 
(c) 100 words 
37. y = ( 1  1 - 4@)/8 
11. If x is time in seconds, If(x)I dx is the distance i '
travelled where f(x)  is the velocity. 
13. -718/3 15. -5/4 
17. 7/12 19. (3/7)(5'i3 - 3'13) 
21. (a) 3.2399, 3.0399. 
(b) 3.1399. [The exact integral is m.] 
23. (a) - 2x/( l  + x2)' 
(b) 1/4 
25. (a2 - al)(ma, + b + ma2 + b)/2 
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29. (a) Differentiate the right-hand side. 
(b) 2/63 
31. 64/21 
33. 125/6 
35. The plane was at least 1700 feet above ground. 
37. (a) 22 liters. 
(b) 16 liters. 
(c) (256/27) liters. 
39. (a) L*[D(X) - b]dx is the area between the 
curves p = D(x) and p = b, from x = 0 to 
x = a .  
(b) /"[b - S(x)]dx is the area between the 
0 
curves p = b and p = S(x) from x = 0 to 
x = a .  
(c) Interpret the integral in (a) in terms of sums. 
(d) Consumer's surplus = t , Producer's sur- 
plus = 5. 
41. 110/3 
43. (a) i f 3 2 x d x  = 16t2 feet; 1080dx = 1080t feet. it 
(b) 5.2 seconds. 
(c) 432.56 feet. 
(d) 0.4 seconds. 
45. (a) The fifth day. 
(b) -4000 bacteria per cubic centimeter. 
47. 4 
49. x2/(1 + x3) 
51. 15/2 
53. 3t2/[(t3 + 212 + 11 
55. (a) Since f is unbounded at 0, it has no upper sum 
and is not integrable. 
(b) j ' r - ' / 2 d t  + 6 is a lower sum for i > 0 and 
E 
6 > 0 .  
f(t) dt = 2 - 6 is a lower sum for 
E > 0. 
( 4  2 
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Chapter 5 Answers 
5.1 Polar Coordinates and 
1. 3.84 m, 19.19 m2 
3. 5/18 rad, 45 m2 
5. 0.5061, 0.9425, 4.4506, 2.2689, 5.5851 
7. (a) ~ / 3 ,  6 ~ / 5 ,  T. 
(b) 16Q0, 305", 25" 
15. (5.3852, - 0.3805) 
.17. (a) (1,Q) (b) (5,0.927) 
(c1 ( 2 , ~ / 6 )  (d1 (29 - ~ / 6 )  
(el (2>5.rr/6) 
19. (a) t e ,  - 77/41 (b) (2, ~ / 2 )  
(c) ( m / 2 , 1 . 5 )  (d) (13, -2.75) 
(el (fly 1.93) (f) ( 3 f l  /4,77/4) 
21. (a) (Q,6) (b) (6J51, - 6 f i )  
(c) ( - 470) (dl 
(e) (-4, -4f i )  (F) (0.42, - 0.91) 
23. tan B = I BCI/IACI = cot(a/2 - 8) 
25. In the Figure, cos B = x/l = cos( - 8). 
27. 84.5 
29. 8 f l  
31. 10,723 feet. 
33. 917.19 meters. 
35. 1.313 
37. .3 radians 
39. Write cos 6 = cos - + - (: : 
41. Use the addition formulas on the right-hand side. 
43. cos 8 
45. -sin 8 
47. secB 
49. - sin 6 cos cp 
51. (2 + ~ ~ ) ~ ~ 2 / 2  
53. 2/ JcJS 
55. Use cos[2(6/2)] = 1 - 2 sin2 
57. Take the reciprocal of both sides and use 
c0s2(@/2) = (1 + cos 8)/2. 
59. Take the reciprocal of both sides and use the 
product formula for sin 8 sin +. 
61. y = 2 cos 30 
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30 
y = tan- 2 
65. y = 2 sin 4x = 4 sin 2x cos 2x 
t 
' ? v = sin 30 + 1 
69. (2n + 1)71/2 where n is an integer. 
71. sec O is differentiable for all 8 # (2n + 1)71/2, cot 6 
is differentiable for all B # nr, n an integer. 
73. (a) 0 x 10" meters per second. 
(b) The angle of incidence equals the angle of 
refraction. 
(c) 20.7" or 0.36 radians. 
75. Consider this figure: 
81. (b) sin B = nX/a. 
83. (a) Use sin2(2wt/2) = [ I  - cos(2wt)]/2 
5.2 Differentiation of the 
Trigonometric Functions 
1. -sin 8 + cos 8 
3. - 15sin38 + 20cos28 
5. cos28- BsinB+cosB 
7. -9cos238sin38 
9. sin 6' /(cos 8 - 112 
11. (cosO - sin8 - I)/(sin 8 + 112 
13. - 3 cos2x sin x 
15. 4(& + cos x13[(1 /2&) - sin x] 
17. (1 + 1/2&)cos(x + 6) 
cosx + sin(x2) + x sin x - 2x2cos(x2) 
19. 2 [cos x + sin(x2)] 
21. sec2x - 2 sin x 
23. 3 tan 3x sec 3x 
25. 1 /2& - 3 sin 3x 
27. -sinx/2= 
29. 12t2sinfi + [(4t3 + 1)/2fi]cosfi 
31. 
Consider this figure: 
A 
Expand the right-hand side using 
formula. 
the addition 
37. x4/4 - cos x + C 
39. x5/5 + (sec2x)/2 + C 
41. - 2 cos(u/2) + C 
43. [sin(02)]/2 + C 
45. [ -  cos(28)]/4 + C 
47. 0 + C 
49. 4 - 4 cos(r/8) 
51. 0 
53. 0 
55. 71/2 
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sin 4J 57. (a) Prove sin 24J/(1 + cos 24J) = -. 4J 
2 
cos 4J 
(b) Manipulate cos + < (sin +)/@ < I/+. 
59* a 
61. Differentiate twice and substitute. 
63. Differentiate once and substitute. 
65. Differentiate [ - f (cos B)] using the chain rule. 
69. (a) - sin x . +(3x) + [3 cos x/cos(3x)] 
(b) 4J( 1) - 440) 
(c) 4 - 4+(2x)sin(2x) + 4/cos2(2x) 
71. (a) d v  x) + (dy) - dt since speed = 1 
(b) Differentiate 
(c) Multiply the equation in (b) by 
sin B sin'@ - cos B cos'8 and manipulate. 
(d) If cosB and sin@ are positive, cod@ is negative 
and sin'@ is positive. 
5.3 inverse Functions 
1. (x - 5)/2 on [-3,131 
3. 5fi on ( - w , w )  
5. (31 + 10)/(1 - t) on [ -  11/2, -9/4] 
7. ( -  dx + b)/(cx - a), domain x # a/c .  The 
condition is bc - ad # 0. 
9. 
13. Largest interval is ( - w, - I )  or ( I ,  oo). 
15. (a) 10,8/31 
(b) 2, - 1 /4 
(c) [ -  229/27,1] 
(d) 1.572, -0.194 
17. Show that 1 is a local minimum point forf. 
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19. Show that f is increasing everywhere. The domain 
is (- 00,oo). 
21. Show that j is decreasing on [ - 1,2]. The domain 
is [ -  11,4]. 
23. Differentiate x '1' 
25. Show that f is increasing on (0,2). (f - I) '  (4) = *. 
27. 113 
29. 113, 1/3 
31. - 1 ,  -4/3 
33. Different calculators may respond differently. 
35. The inverse function gives the cost of y pounds of 
beans. 
37. (a) (- 00, - 5/21, (-7/3, + 00) 
(b) (5 - 7y2)/(3y2 - 2) 
(c) - 1 /[2(3x + 7)3/2 J Z T T ]  
39. Use the definitions. 
41. (a) Ay/Ax is close to f'(x,) if Ax is small. 
(b) Manipulate the inequality in (a). 
(c) Use the definitions. 
5.4 The inverse Trigonometric 
Functions 
9. m/6 
11. 8 / d m  
13. 2x sin- 'x + x 2 / J D  
15. 2(sinP ' x ) / J m  
(1 - x ~ ) ( ~ o x ~  + 1) + + 1) 17. 
(1  - X2)2 + ~ ~ ( 2 ~ 4  + 1)' 
25. (sin- 'x + cos- 'x - I ) / ( I  - sin- 1x)2J--;;Z 
3 27. - (x2cos- 'x + tan x ) ' / ~  2 
x x [2x cos- 'x - --- + sec2x] 
y'KT 
29. 3 tan- 'x + x2/2 + C 
31. 4sin-'x + C 
33. 3 tan-'(2x)/2 + C 
35. 2sec-5 + C 
37. Draw a right triangle with sides 1, x, Jn. 
39. No. 
41. - @/(I  - 82)3'2 
43. 4 sin- '(2x)/ + 2x 
45. 0 
47. Minimum at x = - I ,  maximum at x = 1, point of 
inflection at x = 0. 
49. Use (d/dy)If - ' (~11 =. l/I(d/dx)f(x)l. 
51. (a) [$I,2], f (x) = -2x/ J- x4 + 6x2 - 8 
(b) 1-1 ,-a 
' t 
(d) [cos(x + y) - yj(3t + 2)/[x - cos(x + y)] 
55. tan- '(2) - a /4  
57. (3 -JZ;)/2 + n/12 + sin(Q/2) - sin(l/2) 
59. -I/,/- 
5.5 Graphing and Word Problems 
1. - 0.088 radians/second. 
3. (2 .5 )~  meters/second. 
5. 2.2 meters/second. 
7. 59.2 meters before the sign. 
9. 6 
11. (a) r = 1.5, w = 2a/3.1 
(b) 3 ~ / 3 . 1  
13. 3 sin B = sin q~ 
15. Maxima at x = (2n + l)n/4 for n an even integer. 
Minima at x = (2n + l)a/4 for n an odd integer. 
Points of inflection are at x = na/2, n an integer. 
Concave up on (nn/2, (n + 1)a/2), n an odd inte- 
ger. Concave down on (nn/2,(n + l)a/2), n an 
even integer. 
17. f(x) concave down in (2na, (2n + I)a) for x > 0 
and in (-(2n + I)a, - 2 n ~ )  for x < 0, n an inte- 
ger. f(x) is concave up everywhere else. 
19. 
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5.6 Graphing in Polar 
Coordinates 
27. The sum of the distances from (0, 1) to (x, 0) and 
( p ,  - q) to (x, 0) is minimized when these points 
lie on a straight line. 
33. The local maxima and minima are about T units 
apart as x -+ oo. 
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11. A circle of radius r centered at the origin. 
13. The graph is symmetric with respect to the line 
8 = a/4. 
15. r = 1 17. r2(1 + cos 8 sin 8) = 1 
19. r sin 8(1 - r2cos28) = 1 21. r(sin 8 - cos 8) = 1 
23. - 5 0  25. 0 
27. 1 3 0 / 9  29. 1/3 
31. -0.08 
33. max = 1 ,  min = - 1 
37. max = 3, min = - 1 
39. max = 1,  min = - 1 
Y 4 
Supplement to Chapter 5 
1. 8:05:30 on July 13 and 8:05 on July 14. 
d 2 s  3. -= 3 tan [sin a cos 
dT2 (36512 
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7. 5:07:47 P.M. 
9. (a) 0.24 rad/hr. 
(b) 2 1 minutes, 49 seconds. 
Review Exercises lor Chapter 5 
1. 1.152 radians. 
3. (0,4) 
5. tanBsec8 = r 
sin(@ + rp) 
7. tan(8 + rp) = expand and manipu- 
C O S ( ~  + ' 
late. 
9. 1.392 
11. 2.250 
13. 0.38 radians. 
15. -6cos2x 
17. 1 + sin3x + 3xcos3x 
19. 28 + csc 8 - e C O ~  e csc B 
27. - 368 cos2(Q2 + 1)sin(O2 + 1) 
29. 1/2 JF-7 
31. cos&sec2(sin&>/2fi 
33. (1 /2f i  - 3 sin 3x)/ 
37. sin- '(x + I)  + X 
39. 6x2/(1 + 4x6), 6b(a + bt)2/[1 + 4(a + bt)6] 
41. (- cos 3x)/3 + C 
43. sin 4x + cos 4x + C 
45. - cos x3 + x2 + C 
47. - cos(u + 1) + C 
49. (1/2)tan-'(y/2) + C 
51. 2 
53. a / 3  
55. (a) Differentiate the right side. 
(b) a /2  
(c) x cos- 'x - JF-7 + c 
(d) x sin-'3x + d m / 3  + C 
57. (a) [ -  I ,  11 
(b) [5,91 
(c) - 1/3 
59. Use the inverse function rule. 
61. 150/ 12 1 meters/second. 
63. (a) 0 ,a  
(b) 0 
(c) 2.2 meters/second. 
65. Row to a point I / -  km downstream. 
67. 9.798 feet from the sign, de/dr = 0. 
69. Inflection points at nn/2, n an integer. Concave 
down on [nv, (2n + l)n/2], n an integer. Concave 
up elsewhere. 
71. Show that fl(x) is always positive. Deduce that 
x + 1  > c o s x f o r x > O .  
73. 
77. y =  -x-\IZ 
79. (a) On an HP-I5c, tan- '[tan(a - 10-20)] and 
tan- '[tan T] both give 4.1 X 10- 
(b) - lop2' is not in the interval. 
81. gl(x) = 1 /2 f'( f - '(&))\i;; 
a. ~ Y Y )  = -Y(x)/[Y(x)I~ 
85. To show f"(0) exists, compute  AX) - f'(O)]/Ax 
and let Ax 3 0. 
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6.11 Exponential Functions 
25. Reflect y = exp3x across the y-axis to get 
Y = expl/3x. 
27. Reflect y = exp,(- x)  across the y-axis to get 
y = exp3x. 
29. (A)@), (B)(d), (C)(c), (D)(a) 
31. (A)(c), (B)(b)> (C)(d), (D)(a) 
37. The shifting and stretching have the same result 
since 3 x + k  = 3 k 3 X .  
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41. 1/9 
43. -3 
45. No solution 
6.2 Logarithms 
39. 3 41. 9 
43. 135 45. ("'3 - 1)/2 
47. Table entries 3.243, 3.486, 3.972; (a) x 16,410; 
(b) b - 1.75, M = 1000 
49. 0.301, 0.602, 0.903, 1,  2, 3 
51. (a) 8.25, 6.7 
(b) Use laws of logarithms. 
53. 27 
55. (a) x > -5, x # Ifr 1 
(b) ( -  I , ] )  
( c ) x >  - 5 , x i  2 1  
(a) and (c) are the same 
57. y =  2'+ 1; domain ( - w , w ) ,  range ( 1 , ~ )  
6.3 Differentiation of the 
Exponential and Logarithmic 
Funclioa~s 
1. 8 times. 3. 0.707 times. 
5. x + 3  7. x3  
9. e4"(4x - 2) 11. 2xex2+'  
13. - 2 ~ e ' - " ~  + 3x2 15. (In 2)2" + 1 
17. 3"ln 3 - 2"-'In 2 19. I / x  
21. (1 - In x)/x2 23. cotx 
25. 2/(2x + 1) 
27. cos x In x + (sin x)/x 
3x(1 + In x2)sec2(3x) - 2(tan 3x)ln(tan 3x) 
29. 2 
x tan 3x(1 + ln x2) 
31. I/(ln 5)x 
33. (sin x)" [In(sin x)  + x cot x] 
35. (sin x)C"" " [cos2x - sin2x In(sin x)]/sin x 
37. (x - 2l2I3(4x + 31~/~[2/(3x - 6) + 32/(28x + 21)j 
39. x(" ' )[xX(l  + 1nx)lnx + xX-'1 
41. (sin x + x cos x)eX "'" " 
43. (x6 - 5)/(x + x7) 
45. (2x - 8 cos x)ln 14 . 
47. (1 + I/x)/(x + Inx) 
49. - sin(xnn ") . x5'" " [(cos x)ln x + (sin x)/x] 
51. (2x In x + x)x("~) 
53. - -tall x2 1 [ - tan x2  + 2x(ln x)sec2x2] 
X 
55. 4x3cos(x4 + 1). log8(14x - sinx) + 
[(I4 - cosx)/(ln 8)(14x - sinx)]sin(x4 + 1) 
57. 3(lnx/2& + l/&)x(&) 
59. c o s x X ~ ( I n x  + l )xx 
61. (sin ~ ) ~ ( ~ ~ " ) ' ] ( c o s  x)" [(In cos x - x tan x)ln sin x + 
cot x] 
63. e2"/2 + C 
65. sin x + e4"/4 + C 
67. s3/3 + 2 lnlsl + C 
69. x2/4  + (1 /2)ln(x( + C 
71. x + lnlx - 11 + C 
73. 3"/ln 3 + C 
75. x2/2 + 10x + 821nlx - 81 + C 
77. 3e - (8/3) 
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79. 65/4 + e4(e2 - 1)/2 
81. l / l n2  
83. ln(3/2) 
85. ( a ) I n x +  I , ( b ) x I n x - x +  C 
87. (a) Differentiate the right side. 
(b) eoX(b sin bx + a cos bx)/(a2 + b2) + C 
89. Differentiate the right sides. 
91. (a) f (x)ex + f(x)ex + gl(x) 
(b) (f(x)  + 2x)ef(")+"* 
(c) f ' ( ~ ) e g ( ~ )  + f (~ )~ ' (x )eg ( " '  
(d) f (ex + g(x))(eX + g'(x)) 
( e ) f ( ~ ) ~ ( ' ) (  g'(x)ln f(x) + g(x)f'(x)/f(x)) 
93. e = 2.72 
95. (a) Differentiate using the sum and chain rules. 
(b) Use the definitions. 
(c) Differentiate ex  + "0. 
97. (a) 0.38629, - 0.28345, - 0.55765 
( b ) 2 I n 2 - 2 -  l i m ~ l n ~ ;  l i m ~ I n ~ = O  
E+O E+O 
(c) In x has no lower sums on [O,2]. 
99. Differentiate In y = In f(x) + In g(x). 
6.4 Graphing and 
Word Problems 
13. lim (I + o l n  3/n)" 
n+m 
15. lim [3(bh - 1)/h] 
h-0 
17. Use formula (8). 
19. $1 19.72 
21. y = 3e2x - 2e2 
23. y = -@nx/8  + Q / 2  
25. y = x + I n 2 -  I 
27. (a) Compute directly using 
f(x)  =f(0) + f(O)(x - 0). 
(b) 2O.O' = 1 ,00695555 
I + 0.01 In 2 = 1.00693 147 
2O.Oo0' = 1 .0000693 17 
1.0001 In 2 = 1.0000693 15 
1 (c) e a ( l  + ;). 
29. e- ' / '  
31. (a) Minimum perceivable sensation. 
(b) 10/ln 10 
33. dp/dt = - 0.631. 
35. Differentiate the expression. 
37. (a) Show that g"(x) < 0 and that X + W  lim gf(x) = 0. 
1 
37a. (a) g ' ( x ) = f ( l + t )  -ff(l+t) a; 
Apply the mean value theorem to f ( l  + l / x )  - 
f (1). 
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I l l )  I 
V I I I  \. 
8 9 10 57. (ye"' - 1)/(1 - xex-") 
59. -e-V-X 
Review Exercises for Chapter 6 61. y = 5x + I 63. x sin 6x; 
1. X2n - X-21'  3. 9 
5. 1/2 7. -36 
9. 3x2ex3 
11. ex(cosx - sinx) 
13. ecO"y- 2 sin2x) 
15. 2xeI0"(1 + 5x) 
17. 6e6" 
eCo" [( -sin x)(cos(sin x))  + (cos x)(sin(sin x))] 
19. 
cos2(sin x)  
[((e")cos(ex))(ex + x2) - (sin(ex))(ex + 2x)] 
21. 
(ex  + x212 
23. ( -  e x s i n J m ) / 2 d m  
25. e(CoSX)+X(-sinx + I )  
27. -2xe-"'(x2 + 2)/(1 + x212 
29. In(x + 3) + x / (x  + 3) 
31. - tanx 
33. l / x I n 3  
35. ( -  l / / m - ) ( l  - e-X) 
37. (- 2 In t)/t[(ln t)2 + 3j2 
39. e3"/3 + C 
41. sinx + (1/3)lnlxl + C 
43. x + lnlxl + C 
45. 1x12-2/a+ 1/2 
47. 3/2 + sin 1 - sin 2 + e - e2 
49. (In x)"(ln(ln x) + l /In x) 
67. e8 
69. el0 
71. (a) 40% per hour, (b) 40% per hour 
73. 7.70% 
75. (a) 442 meters. 
(b) In the first 10 seconds, the term contributes 72 
meters, in the second, 35 meters. 
77. (b) $1 1,804.4 1 
79. $19,876 
81. (b) lim P ( t )  = a / b  
r+O 
83. Use the mean value theorem on (0,x). 
. . 
85. (a) [ I  + (b - 1))" = 1 + n(b - 1) + 
n(n - 1) ( b - 1 1 2 + . . .  > l + n ( b - 1 )  
L 
87. Use Exercise 86. 
89. (a) In is an increasing function. 
(b) Use (a) to deduce 
0 g lim (Inx/x) <nliir(l/n)=O. 
x--00 
91. Let z = 1/x. 
93. Let f(x) = x - - In x and note f '(x) > 0 if ( lni3 ) ,. 
L 
x 2 -  In 3 = 1.82. It is actually valid if x 2 
5.8452.. . . 
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